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We made substantial progress in 1989
toward establishing a chemical beam epitaxy
(CBE) facility for the epitaxial growth of
compound semiconductors. The major part
of our effort was in the development and
assembly of the CBE hardware including the
growth, transfer, introduction, and bake
chambers. By the end of 1989, the CBE
system was approximately 85 percent com-
plete. We expect delivery from the manufac-
turer by the middle of February 1990.
Figure 1 is a photograph of the CBE system
showing its growth reactor module and some
associated electronics. Within the black
metal frame outlining the exhausted enclo-
sure are the gas manifold (upper left side),
ultrahigh vacuum growth chamber (right
side), and the pumping subsystem (bottom
left). Figure 2 shows the transfer, introduc-
tion, and bake chamber modules. The black
metal frame outlines a fully exhausted, fil-
tered laminar flow enclosure.
The CBE growth reactor is equipped with
four individual gas injectors for metalorganics
of Zn, Ga and In, Se, and for the hydride
arsine. The temperature of each gas injector
can be varied between 0 to 1250 degrees
Celsius so that the molecules can be
"cracked" or thermally decomposed prior to
impingement on the heated single crystalline
substrate. Three typical effusion cells, such
as those used in molecular beam epitaxy, can
be used with dopant or alloying elements. In
situ analysis facilities include reflection high
energy electron diffraction, a residual gas
analyzer, and a quartz crystal flux monitor.
Four symmetrically placed heated sapphire
viewports can be used to direct a laser beam
at incident angles to the growing surface
front and to collect the reflected laser beam.
The design of the original CBE system was
expanded to include an additional ultrahigh
vacuum analytical/metalization chamber,
which will added in mid-1990. Attached to
the transfer chamber, this new chamber will
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Figure 1. Growth reactor module and partially complete electronics rack of the chemical beam epitaxy system (as
of November 1989).
allow samples to remain in the UHV environ-
ment before and after analysis or
metalization. The additional chamber is sub-
divided to include both in situ analysis and
metalization capabilities. Initially, the
chamber will contain Auger electron spec-
troscopy (AES) and will be configured to
have the associated ports, sample heater and
manipulator, shutters, etc., necessary to add
the electron beam evaporators to perform
metalizations. Additional viewports will be
provided to illuminate samples during Auger
electron spectroscopic analysis and
metalization with a coherent source of light.
The source of photons will be provided by
various lasers or lamps having a multitude of
powers and wavelengths.
We envision that the laser-aided investi-
gations carried out in the analytical/-
metalization chamber will complement
laser-assisted experiments planned during the
epitaxial growth of semiconductor layers.
We anticipate that both types of experiments
will provide clues to understanding the effect
of photons on the physisorption, chemisorp-
tion and incorporation processes which
occur during the chemical beam epitaxial
growth process.
Funds for obtaining the analytical/-
metalization chamber were provided by the
National Science Foundation, Defense
Advanced Research Projects Agency, and by
a donation from Emcore Corporation.
The space which will house the new CBE
system was completely remodeled. Reno-
vation included: (1) major demolition of
walls to create one large (1200 square foot)
lab from three smaller labs; (2) an increase
in the services available such as power,
water, nitrogen, etc.; and (3) installation of a
very sophisticated exhaust system, a design
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Figure 2. Front view of the bake chamber (left), introduction chamber (center), and transfer chamber (right).
requirement for the custom CBE system.
(Both the growth reactor module and the
introduction chamber module are fully
enclosed and exhausted.) The laboratory
also includes a small entry room, typical for a
clean room environment, and a substrate
preparation area. The substrates can be
chemically cleaned in dedicated solvent
hoods followed by etching in dedicated acid
hoods in adjacent laboratory space. The lab-
oratory will also house a surface profilometer
for studying film thickness and a Normarski
interference microscope for studying surface
morphology.
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The potential of the II-VI compound semi-
conductor family for optical device applica-
tions has been relatively underutilized. There
are substantial difficulties in preparing them
by any growth technique to be
amphoterically doped in a controlled manner.
In the past, because bulk, liquid phase, or
vapor phase growth techniques required very
high temperatures for fabrication of ZnSe,
control of the carrier type could not be
achieved. The resultant ZnSe exhibited
n-type transport properties or the as-grown
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material was so heavily compensated that the
material was highly resistive. Newer growth
technologies such as molecular beam epitaxy
(MBE) and chemical beam epitaxy (CBE)
provide promise for circumventing the
doping problems of the II-Vis and ZnSe as
one example, due to the non-equilibrium
nature of the growth, and by their ability to
affect the growth, with photon illumination.
Once ZnSe is controllably doped as p-type
and n-type material, many device applica-
tions could take advantage of the wide,
direct bandgap (2.67 eV at room temper-
ature) which provides for the emission of
blue light. Blue light emitting diodes, blue
semiconductor injection lasers, and flat panel
electroluminescent display devices are repre-
sentative of the many possible optical
devices. The blue wavelength range will be
useful in (1) underwater communication, (2)
visible holography, (3) laser disc recording,
where a shorter wavelength would allow for
a ten-fold increase in the density of stored
information, and (4) for short range commu-
nications where new polymer fibers can be
utilized.
Studies of dopant incorporation reported in
the literature for ZnSe were complicated by
the presence of unintentional impurities
found in both elemental and compound
source material which is used in the MBE
growth process. In most cases, undoped
ZnSe grown by MBE, using commercially
available source material, has been reported
to be n-type with low resistivity (- 1Q-cm).
The low resistivity of the "undoped" ZnSe
material implied that the ZnSe was of correct
stoichiometry because a relatively small devi-
ation from a Zn-to-Se flux ratio of
one-to-one toward either Zn-rich or Se-rich
conditions was found to result in high
resistivity material. (The defects generated
during growth under non-stoichiometric con-
ditions appeared to compensate for the non-
intentionally incorporated impurities giving
rise to the high resistivity.)
Although major progress was recently made
in the molecular beam epitaxy of ZnSe, con-
trolled substitutional n- and p-type doping is
still significantly limited. The technique of
chemical beam epitaxy (CBE), however,
combines the many advantages of molecular
beam epitaxy and metalorganic chemical
vapor deposition (MOCVD) growth tech-
niques while eliminating their many disad-
vantages.
An ultrahigh vacuum environment, similar to
that used in MBE, is utilized in CBE.
Because in CBE the solid source material of
MBE is replaced by gaseous source material,
CBE is similar to MOCVD in that respect.
The gas sources are controlled by precision
mass flow controllers, permitting constant
flux ratios at reasonable growth rates. By
employing metalorganic gaseous sources for
the Zn and Se species, we will obtain a
greater degree of control of the flux intensi-
ties. The MBE technique of employing low
temperature, high vapor pressure sources of
Zn and Se cannot achieve this control.
Because the elements originate from a gas
bottle, long-term operation is possible since
very little gaseous material is consumed. We
will eliminate many hardware problems
encountered during the growth of II-VI com-
pounds by using CBE. We also anticipate
that the use of the CBE technique will allow
us to solve crystal growth problems. Scien-
tists and device engineers will be able to
capitalize on the many attractive material
properties of the II-VI compound semicon-
ductors.
With research support from the Office of
Naval Research, we will explore the CBE of
ZnSe. We will determine its optimum growth
parameters following microstructural, optical,
and electrical evaluation of the epitaxial
layers. After we achieve high quality, ultra-
pure, undoped ZnSe, our objective under the
program supported by the Joint Services
Electronics Program will be to incorporate
the impurity species in ZnSe.
6.3 Laser-Assisted Chemical
Beam Epitaxy of Wide Bandgap
Blue/Green II-VI
Semiconductors
Sponsor
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In addition to the more typical growth exper-
iments described above, chemical beam
epitaxy (CBE) is naturally suited for exper-
iments designed to modify or affect the
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epitaxial growth process. For example,
impingement of either coherent or incoherent
light of various wavelengths can effect the
"nature" of the incident atomic or molecular
species; the actual bonding configuration of
the molecules determines their sticking coef-
ficient and their incorporation. We will
investigate the effects of illuminating the
growing surface front with a low power laser
beam similar to that from a visible or ultravi-
olet argon ion laser. We will direct the
optical illumination (1) parallel to the surface
of the substrate to affect the impinging mole-
cular species and (2) at various angles of
incidence to the substrate surface to affect
the surface of the semiconductor. Pulsed
excimer lasers would provide a source of
much higher power illumination to result in a
thermal modification of the semiconductor
surface. We will employ many different laser
wavelengths and powers to explore the
effects of photons on the nonequilibrium
growth process of chemical beam epitaxy.
The use of gaseous sources to replace high
vapor pressure solid sources will allow
greater flexibility for use of the vacuum
system for the fabrication of a variety of
materials. Historically, the II-VI and Ill-V, or
group IV, compounds have been grown in
separate vacuum systems to eliminate prob-
lems associated with unintentional auto-
doping of each material. Since in CBE each
element originates from a gas tank external to
the vacuum, the source oven and material
will not be contaminated with foreign ele-
ments. We envision that both ultrapure II-VI
and III-V materials can be fabricated in the
same vacuum system because Il-VIs and
Ill-Vs should not form a compound until the
metalorganics interact with the heated single
crystalline substrate. We will study the
various II-VI/III-V heterostructures of
complex design and dimensions that will
now be feasible.
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